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Ashton Wold, Peterborough, Cambridgeshire PE8 5LZ, UK Tadeus Reichstein was born on 20 July 1897 in Wloclawek (in Russian Poland), the eldest of five sons of Jewish parents, Isidor Reichstein and Gustava Brochman (7)*.
In Russia, in those days, only a small number of Jews were allowed to study at the technical high school in St Petersburg, and Tadeus's father, Isidor, considered himself extremely fortunate to have been selected. He received virtually no financial support, and in order to survive embarked on an austere self-disciplined routine, limiting his daily meal to one herring, black bread and water. After a while, he managed to earn a meagre pittance giving lessons in physics and mathematics to children of wealthy citizens. Despite hard times, he won a medal for his brilliant examination papers. After leaving school, Isidor moved to Kiev in the Ukraine, where he succeeded in founding his own business as a sugar-processing engineer and was able to marry.
In 1904 the youngest brother, Paul, was born and the flat in Kiev proved too small to accommodate five boys, so Tadeus, as the eldest, was sent to live temporarily with his aunt, who was married to a Lublin pharmacist. Although only eight years old, Tadeus took a lively interest in the chemist shop, and his uncle encouraged him to assist in making pills, by rolling them by hand. On rejoining his family he turned his sleeping quarters into a 'laboratory' and he and a young friend spent all their spare time attempting to create silver from iron filings. It was his first attempt at alchemy.
In 1905, violent pogroms occurred in Russia and the little boy heard the screams of the victims outside in the street and saw the wounded and dying, streaming with blood, dragged into their shop, while the mounted cossacks galloped past heedlessly. Tadeus recalled the atmosphere of terror, but he had never seen blood before and he remembered he found that very interesting.
These violent outbursts of anti-semitism convinced Isidor that, for the safety of his children, they must leave Russia and emigrate to Switzerland. He himself returned to Kiev every year for two four-monthly periods to sustain his business and support the family. In Russia he had heard that there was a good school for boys in Jena, and so on their journey through Germany, Tadeus was left there to become a boarder. This also helped to solve the temporary overcrowding in the small Zürich flat, owing to the presence of numerous relatives also fleeing from the pogroms in Russia. Tadeus described his life in Germany as two years of hell. He abhorred the Prussian military atmosphere with brutal beatings meted out for the slightest disobedience. He was short and slim for his age and much the smallest boy in his class, and consequently failed to keep up with the pace set for their daily march. He frequently fell down from sheer exhaustion and the master in charge would then fly into a 'Teutonic rage' and beat the little boy black and blue with a heavy cane until he was unable to get to his feet.
It is a strange phenomenon that affectionate children with loving parents, who are eager for their youngsters' confidences, are rarely told frankly of their fears and sorrows. In later life Tadeus explained that although he was only ten years old at the time, he felt he must not complain but submit to this treatment so as not to trouble his parents until there was room for him in Zürich. Fortunately, in the spring of 1907 Isidor was able to buy a house, surrounded by meadows, on the outskirts of the town and Tadeus rejoined the beloved family. He has said that from this moment onwards he felt happy. All his life, Reichstein enjoyed a blithe temperament.
E    
For the next seven years the Reichstein boys did not go to school, but together with a few friends were taught lessons in their own home. Isidor instructed them in physics and mathematics, taking immense trouble over every lesson. Other subjects were taught by visiting tutors, and a young scientist took Isidor's courses during his absences in Kiev. The fortunate Tadeus thus escaped the stultifying effect of the pedagogues in the conventional Swiss schools. Consequently-like various other home-taught children-for all of his ninety-nine years he retained a boyish eagerness for life and the marvels of the natural world, and especially plants. If ever a man continued to trail Wordsworth's 'clouds of glory' it was Tadeus Reichstein: he never quite grew up.
When he was seventeen he attended the Oberrealschule in Zürich and took a course with emphasis on natural science. He and his four brothers became naturalized Swiss citizens in 1914 and, within a year, after the declaration of World War I, Tadeus was called up for military service.
Meanwhile, owing to hostilities in Europe, financial disaster engulfed the family. Isidor could not return to Russia and lost his business, his capital and savings in Kiev. Simultaneously, he fell ill with complications following typhus and Basidov's disease, becoming permanently bedridden at the early age of sixty. He died in 1931. His wife decided that to avoid bankruptcy their only hope was to turn their home into a boarding house and take in paying guests in every available room. Thereafter, the boys had to sleep on the balcony and assist their mother with the household chores. Paul particularly disliked his job of cleaning the lodgers' shoes. Ten years later, Tadeus fell in love with a young Dutch girl, Louise van Ufford, one of his mother's paying guests, and married her in 1927. His daughter, Ruth, was born in 1933.
For the time being, in 1916, he was released from the Army and finished his schooling at the Oberrealschule and began to study chemistry at the Eidgenössische Technische Hochschule (ETH) Zürich. When, four years later, Reichstein left ETH with a first-class diploma in chemical engineering, he thought it essential to help the family financially by finding a job and earning a good salary. With a list of the twenty chemical laboratories in the vicinity he trudged around Zürich from early morning until late at night, visiting each in turn. None wanted his services. He returned home deeply depressed but, as he approached the house, one of his brothers shouted he was wanted on the phone. It was the owner of one of the laboratories that he had visited, offering him a six weeks' job for SF200 if he would start the following morning. The work entailed analysing wine, something he had never done before, and the salary was in fact a mere pittance for a six-day week, but Tadeus accepted with alacrity as he had never before seen so much money.
He soon discovered to his disgust that his chief's income was mainly derived from the certification of wines of dubious quality and even the sale of certificates to the importers for untested wines. All he could do was to analyse every sample he was given, carefully and doggedly. If they contained too much sulphur dioxide, artificial colours or other impurities he stated clearly that they failed to comply with the Swiss 'Lebensmittelgesetz'. Tadeus was immensely relieved when he was offered a more 'interesting' job at Rorschach in a private laboratory with a skilled inventor of pocket lamps. These lamps, however, failed to light up for more than a few moments and this was due apparently to malfunctioning of the manganese dioxide zinc batteries. Tadeus was paid well for finding a solution to this problem and at long last he was able to bring the first SF1000 contribution to his father. The old man was touched and wept. Tadeus tried to console him with a long list of all the wonderful things his father had done for the family.
Rorschach had provided a most enjoyable interlude. Tadeus joined the swimming club and played water polo in Lake Constance. Every weekend he embarked on a two-to three-hour cycle ride to the mountains. He found that mountaineering increased his confidence and physical strength. It was great! R:    Reichstein began to work for a PhD thesis in 1921, supervised by a Nobel Laureate, Hermann Staudinger. According to his pupil, the professor was a good teacher of organic chemistry who generated an amusing, even inspiring, atmosphere for his 200 students listening in a large lecture hall, but he was an atrocious practical instructor in the laboratory. Tadeus recalled that he 'mainly liked strong reactions, fulminating and stinking'.
Simultaneously, his critical pupil was able to work secretly, for about two or three weeks, in the cellar laboratory of Leopold Ruzicka (For.Mem.R.S. 1942). He was a poorly paid assistant of Staudinger who while seated at his desk was a bad, tedious teacher, but was nevertheless remarkably gifted at discovering the most efficient methods for investigating natural products, which he passed on to Tadeus. Before breakfast, Ruzicka showed him how to analyse compounds produced the previous day:
He had a long combustion tube with which to burn the organic compounds, to weigh the carbon dioxide and the water and to estimate the nitrogen content with the azothometer. He found an old Prezl micro-balance in the waste material in the cellar. He cleaned and revitalized it perfectly. We both learnt to make micro-analysis with 3-5 mg of organic compounds. Nobody else in Switzerland could compete.
In later years, Reichstein recognized that his relationship with Ruzicka changed the whole direction of his life. At this time he was still determined to become an engineer and equally determined never to become a teacher in the sphere of higher education. In his own words, 'It was one year in the Christmas holidays that Leopold Ruzicka showed me for the first time what research is all about. Later on he harangued me into giving it a try.' The idea of reading chemistry was suggested only 'at the last minute'.
From 1922 to 1931, following a plan of Staudinger to isolate the volatile constituents of the flavour of roasted coffee (2) , Reichstein worked in a small private laboratory in Albisrieden for the German firm of Franck Concern (Kathreiners Melzkaffee). He and his personal assistant, Joseph von Euw, concentrated on this project for about nine years, often working sixteen to eighteen hours a day.
The chance meeting with von Euw was felicitous and developed into a close collaboration and friendship that lasted over 50 years. At that time he was a so-called precision mechanic and was totally ignorant of chemistry, which he had to learn from books. Nevertheless, von Euw was soon able to cope with the most difficult and sensitive products, and designed and built most of their working equipment. Chromatographic analyses were then unknown and the analysis of small quantities of complicated mixtures of partly autoxidizable compounds presented a difficult problem. However, the method of fractional distillation, separation in different pH systems and finally producing crystalline derivatives, although rather tedious, proved successful. Staudinger himself selfishly published all their main results in his patents, but Tadeus had found new reactions of general interest for heterocyclic compounds (furans and pyrroles) and for some mercaptans. He eventually published these results in the journal Helvetica Chimica Acta.
After the work in Albisrieden terminated, Leopold Ruzicka persuaded Reichstein to become his assistant at the Organic Chemical Institute of the ETH Zürich, and also to qualify as a university lecturer. V C, 1931-38 Within two years Reichstein became 'Titular-Professor' then 'Extraordinarius' and acquired a group of excellent postdoctoral students and henceforth was able to devote his energy to research. He had always been interested in working with substances which held some promise for medicine and this influenced him in his selection of vitamin synthesis for special study. Tadeus described his triumph with vitamin C in a manner that he believed would please me as an entomologist (7).
In the first place I owe my success to a small insect Drosophila melanogaster. We had before us the problem of obtaining substantial quantities of L-sorbose, a well-known sugar, but which was not commercially available. It was known, however, that 'Sorbose bacteria'-at this time thought to be the slime producing micro-organism called 'mother of vinegar'-are the activating organisms which transform L-sorbitol into L-sorbose. All five 'bureaux of Schimmelcultures' sent me living cultures of bacteria but none produced sorbose or only traces. I found a clue in a 19th century publication by C. Bertrant. In order to catch wild efficient bacteria he put some aqueous sorbitol solution in a cup with a little wine and vinegar and stood it outside at night, under cover of the roof, in September and October. Without much hope-for it was late October and cold with not an insect to be seen-I filled six glasses with aqueous sorbitol and added some yeast extract, some red wine and vinegar to produce pH 5. This is the optimal acidity for the growth of the organism (now known to be Acetobacter suboxydans). The low pH inhibits the growth of other bacteria. The cups were left outside on the windowsill over the weekend, and on Monday morning they all contained solid residues. Three of these consisted of sticky masses of solid sorbitol while the others contained crystals which turned out to be pure sorbose. In one of these was a drowned Drosophila and from one of its legs long sorbose crystals had grown to the surface. It was easy to nucleate the bacteria on fresh medium and in a few days we had 100 g of pure sorbose crystals. Acetonation and oxidation etc. succeeded as planned and thus Vitamin C was produced in a suitably commercial way.
Reichstein's success with the synthesis of vitamin C illustrates his skill and energy as a research worker, seizing every opportunity to advance the project, from the help of able students to the legs of a fruit fly! In an interview (6) he described how he asked one of his PhD students 'with a touch of genius' if he fancied trying to make vitamin C artificially. At that time its skeleton was known but not its precise structure. Tadeus asked R. Oppenauer to return next day, if he liked the idea, with a few suggestions for tackling the problem. He turned up with several quite reasonable proposals and Reichstein selected the best, an approach that involved taking osones-a particular group of sugars-and treating them with hydrocyanic acid. A couple of chromatic reactions showed them it was working and it was not long before Oppenauer 'had' vitamin C. Initially it was the 'antipore', a chemical substance with precisely the same constituent parts as vitamin C but with its optical rotation in the opposite direction. In 1933 Reichstein published the results jointly with Oppenauer.
To solve the problem of vitamin C synthesis, Reichstein returned to a sixteen-to eighteen-hour day's work in the laboratory for a period of six weeks, because there were several competitors in the field. He was quite as keen as lesser men to secure priority for his discoveries. But Reichstein was always generous. He recorded that he had even sent living bacteria to Professor W.R. Haworth at his request, a competitor and future Nobel Laureate in Birmingham, who eventually 'accepted the situation' that Tadeus would now get the patent for the first practical method of the synthesis of vitamin C. Eventually the income was shared with his friend Gottlieb Lüscher of the Haco Company, which had provided financial support for his work. Although Reichstein never received the material reward he deserved, the return from a Roche licence for the sale of vitamin C (covering a twelve-year period) made the financial support of his own laboratory secure at last. It is remarkable that Reichstein's sophisticated oxidation process has stood the test of time so well, for it is still considered the best method, worldwide, for the annual production of thousands of tons of synthetic vitamin C.
Both Tadeus and I suffered from the common cold, a minor irritation in the laboratory. I asked him if he believed, like Linus Pauling, that vitamin C prevented colds, for I knew that he himself took 500 mg per day. Reichstein rarely answered questions directly with a negative; he always avoided negative attitudes and sought positive solutions. 'I take an English preparation Lantigen B against colds', he said. I slavishly followed his advice and for two winters, to my delight, escaped the common cold. Then, mysteriously, Lantigen B was withdrawn from the market and thereafter Reichstein favoured Broncho-vaxom, a Swiss preparation.
Many people were surprised at the fact that Tadeus did not receive the Nobel Prize for the synthesis of vitamin C, or at least shared the honour with Szent-György and perhaps Oppenauer. It was recognized that the work had laid the foundation stone for the modern bridge spanning organic chemistry and medicine. This bridge was one of Reichstein's most cherished objectives.
T   N P
Owing to unexpected administrative complications, Reichstein had to leave Ruzicka's laboratory in 1938 and was offered the Chair of Pharmaceutical Chemistry at the University of Basel. No other Swiss University would, at that time, have had the courage to nominate a Jew of Polish origin for a chair. This was due to the influence of Fritz Hauser, Head of the Department of Education and an ardent anti-Nazi. When Reichstein accepted the post, he stipulated that the institute would be modernized and that he was to be allowed four assistants to run it according to 'high international standards'. His suggestions were immediately approved and adopted. He considered the twelve years that he spent at the institute the most fruitful and happiest time of his life (7).
Reichstein naturally took von Euw along with him (Humm 1970 ) and soon collected a group of friendly students and salaried collaborators. He initiated his study of the adrenal cortex by extracting a ton of the adrenal glands of cattle-an expensive operation financed by N.V. Organon in Oss, The Netherlands. He shared the Nobel Prize for Medicine and Physiology with E.C. Kendall and P. Hench for this seminal investigation. G. Liljestrand (1951) remarked, at the Nobel Prize ceremony, the task of distinguishing between those chemically closely-related substances has been associated with immense difficulties as they are present in the cortex in extremely small quantities, and readily form mixed crystals…. Reichstein and Kendall opened the way for semi-synthetic production, e.g. from the more easily obtainable bile pigments or material from certain plants. This is of particular importance since the yield from the cortex is very poor, about 1:1,000,000.
Reichstein isolated about thirty closely related but distinct hormones (3)-the so-called corticosteroids-from the cortex, most which he obtained in pure crystalline form. They included the famous Compound E, now known as cortisone. The biological effects of these hormones included, among other functions, the control and metabolism of sugar, nervous development, anti-inflammatory qualities, and control of the development of heart muscles, of sex hormones and of the immune response. From the clinical aspect these hormones were of great importance for the treatment of Addison's disease, of cases of dysfunction of the adrenal cortex and of certain inflammatory conditions of both animals and man. The final triumph in the elucidation of the corticosteroids came with the isolation of Kendall's 'amorphous fraction', aldosterone (the most potent mineralocorticosteroid, which controls the body's salt balance). This was accomplished with a happy and fruitful collaboration with Sylvia Simpson and her husband-to-be, James Tait (F.R.S. 1959) (Simpson & Tait 1998) . These two scientists evolved a most sensitive method for estimating minute quantities of electrocortin (now known as aldosterone) in adrenalectomized rats by injecting them with radioactive isotopes before the administration of the assayed steroids. The elucidation of the nature, isolation, structure and crystallization of the 'amorphous fraction', announced in a lecture in Basel in 1954, was cause for worldwide congratulation for Reichstein and the Taits.
The elucidation of the hormones of the adrenal cortex illustrated an interesting and familiar phenomenon: the simultaneous discovery of the same facts, 'new' to science, by scientists working in different and distant laboratories (1) . In consequence it is not unusual to witness a last-minute race for priority, something that means a lot to men and women who ardently seek recognition from their peers. In fact, this concurrence occurs so often that it almost engenders belief in a sort of Maharishi effect! Kendall & Hench and Reichstein were working in parallel, one group in America the other in Switzerland. When they shared the 1950 Nobel Prize, for instance, both groups isolated and identified cortisone at about the same time. In his speech at the Nobel Prize ceremony, Reichstein emphasized their mutual assistance and he thanked Wintersteiner and Pfiffner, as well as Kendall and his colleagues, for letting him have material for comparison.
Reichstein was always interested in Kendall's 'amorphous fraction' (eventually known as aldosterone), because both men believed in its biological activity, but Tadeus did not tackle the problem seriously until 1952, and his crucial solution of the structure of aldosterone was not concluded until 1953. The Taits meanwhile went ahead and showed, in their 1950-52 publications, that aldosterone (then known as electrocortin) was a single compound and that it was definitely a secretion. Curiously enough, H. Mason, a former colleague of Kendall's, isolated and identified aldosterone within weeks of Reichstein, although publication was a year later.
The history of science is a difficult subject and one's memory can easily let one down. Thus, in his obituary notice for Reichstein, the late Sir Derek Barton, F.R.S., pointed out (Barton 1996 ) that after Reichstein (in collaboration with the CIBA chemical company) isolated the life-supporting hormone aldosterone, there resulted a huge international, academic-industrial effort to provide aldosterone for clinical work. He added: 'Involved in this work myself, I devised a new reaction which solved the problem. Reichstein took a different approach and went off to Africa to look for natural steroids of the cardiacglycoside family. ' Reichstein did in fact send two of his assistants, Dr Katz and Dr Schmutz, to Africa (3), much earlier, in 1947, for nine months, to search for seeds of Strophanthus containing sarmentogenin (see also below), but at that time he was attempting the synthesis of cortisone (and its production on a large scale for clinical use), but certainly not aldosterone; Barton had apparently confused the two.
Reichstein always appreciated the good relationships that he maintained with his fellow scientists, hosts of collaborators, assistants and students, but particularly with men like Hench and Kendall, who linked their work to medicine. He stoutly maintained his 'priority' for a discovery or elucidation if he considered it justified. However, because he always seemed to be involved at the cutting edge of scientific progress, whether it concerned vitamin C, corticosteroids, polyploid ferns or butterfly cardenolides, Reichstein often seemed to win the race for priority by a short head. Moreover, he was always generous and, for example, ready to provide numerous fellow scientists with authentic samples for comparison provided from his remarkable collection of steroid crystals.
Johannes Vogel, a distinguished botanical collaborator, wrote, 'Reichstein was the person for everyone, amateur and professional alike, to go to and seek advice or exchange information…. He was free to share information and therefore everyone was willing to share information with him.'
T I  O C
In 1948 the Director of the Institute of Organic Chemistry, Professor P. Ruggli, died suddenly and Reichstein was implored to fill the vacancy. He felt he could not refuse and so for the next four years he had to direct both organizations but would infinitely have preferred to stay permanently at the Pharmaceutical Laboratory. He described the institute as 'intolerably dilapidated … which must immediately be enlarged and modernised'. It took Reichstein two years of his time to convince the Council of the City of Basel that 'the population lives directly or indirectly from the benefits which chemistry brings to the town'. Most of them, commented Tadeus, eventually became interested... He succeeded in having the premises rebuilt from the ground and it was certainly his vision, coupled with fantastic drive, energy and close supervision of the reconstruction and reorganization, that originally gave the Institute of Organic Chemistry of Basel its international reputation.
Most scientists who are successful in the laboratory resent the time spent in administration but Reichstein was an exception, for he was determined to create a splendid teaching organization and was interested in the methods by which success could be achieved.
Just how successful he was is well illustrated by the astonishing number of professorsnearly 200-all of whom at one time or another had been his pupils, who turned up when the grateful City of Basel gave a party to celebrate his 80th birthday. It was a lovely warm summer evening, the city's poetic garden was full of flowers, the tables were lit with candles and the ex-pupils were so patently glad to be there and able to congratulate the dear old man. The world beamed.
Reichstein was ahead of his day in many ways and he was one of the few distinguished scientists who appreciated women's skill in the laboratory and in the field. He collaborated with, among others, Irene Manton (F.R.S. 1961), Mary Gibby, Helga Rasbach, Marguerite Steiger and Sylvia Simpson. Many of his students became co-authors and a single paper often provided a worldwide network of names from Australia, America and Europe.
It is not easy to analyse Reichstein's elusive but startling success as a teacher. First and foremost was his ability to generate optimism in his pupils, coupled with enthusiasm and helpful encouragement. Although a man of few words, he was generous with brief but penetrating advice, fruitful suggestions and praise. He himself set an example of dedicated industry and his almost boyish enthusiasm for new techniques and new equipment was infectious. He also respected and showed the same keen pleasure in the work of his collaborators. von Euw was a remarkable and gifted man in his own right but it was amusing to see how he glowed when Reichstein came along and praised his beautiful drawings. Tadeus was infinitely patient with von Euw's predilection for pruning the apex of his apple trees and then toppling off the ladder. This frequently resulted in considerable periods of absence from his bench, which secretly infuriated me but was accepted with indulgent good humour by Reichstein.
Tadeus was an intuitive psychologist who knew how to please, manage and enlist the diverse characters collected together in the laboratory. His extraordinary knowledge and manual dexterity aroused unqualified admiration and there was also a singular clarity about his whole personality and a streak of mischievous humour which engendered popularity. It was so agreeable working at the Institute! G  There is no word in English with the same meaning as the French word génial. The best 'interpretation' that I can offer in this case is 'the green finger effect', which applied to Reichstein's life in general but, of course, in particular to his two wonderful little gardens, one surrounding his house in the Weissensteinstrasse on the hillside behind Basel and the other in the little village of Agarone on the hills between Bellinzona and Locarno.
It is impossible to imagine a more delightful and interesting collection of flowers, fruits and plants, growing vigorously and luxuriously as if the Weissensteinstrasse were their natural habitat. They grew as if they loved Reichstein! The cherry tree was bejewelled with an amazingly heavy crop of shining black cherries, which were served, with not a little pride, for tea.
Reichstein's greenhouses were designed especially for growing ferns and were sunk partly below ground. They provided an astonishing and unique spectacle of horticultural proficiency and excellence-a contrast with the garden itself where, apparently, everything grew naturally and with careless vigour. Reichstein also looked after the greenhouses himself and could supply details concerning every fern in its flower pot. 'This', he explained, 'is exceedingly rare. It is only known from one rock in Africa. I collected it on Mt Kenya.' Each of the tiny little ferns was growing in sterilized, warmed earthenware containers, labelled and arranged in symmetrical rows-about a thousand in all. He created the garden in the Tessin when he was seventy-two and thereafter took brief intermittent holidays to work in it. He had found the right man to assist him and look after the ferns in his absence. Reichstein always found the right man! Tadeus had a great gift for uniting a naturalist's love of wild plants-almost a sentimental affinity with the green world-with an objective scientific approach to botanical evolution. Aged seventy-five, he announced that he was abandoning the study of organic chemistry and henceforth would concentrate on a special field of botany, the cytogenics of ferns. Asked why he had decided on such a drastic change, he said that the literature of organic chemistry had become unmanageable; there was insufficient time even to read the titles of the papers. He added that he now preferred to work with living material.
The chemistry of plants was a subject in which Reichstein had long been interested, in fact, since the days of the aroma of roasted coffee, so it was not as strange a departure as it must have seemed to many.
In 1937 he was already grappling with the problem of an industrially viable part-synthesis of cortisone. He considered that the only starting point seemed to be vegetable toxins (Humm 1970) . As already noted (see above), he sent an expedition to Africa to collect the seeds of Strophanthus, but a suitable species that contained sarmentogenin was not found, although material was collected in Southern Nigeria, Togo, the Gold Coast and the Eastern Ivory Coast. A second expedition in 1950 was successful, but by then a vastly more promising source had been located in the yam (Dioscora) in Mexico by an American, R.E. Marker. The toxins, as Reichstein had expected, are produced in a similar manner to the hormones of the suprarenal glands.
Reichstein became fascinated by polyploid fern complexes and reticulate evolution in the difficult genus Asplenium (7). He specialized in raising the plants and performing the hybridization experiments in his greenhouses.
He followed the method developed by Irene Manton, with the assistance of Helga Rasbach and A. Sleep, both of whom were cytologists, the micromorphologist Ronald Viane and a brilliant collector, Christopher Frazer-Jenkins. Reichstein soon assembled his usual network of international collaborators. Helga Rasbach described how they had collected specimens in Greece, Italy, Corsica, Spain, Ireland, Sardinia, France and the Azores. Reichstein gloried in fieldwork in wild country and on collecting trips to remote parts of Europe he himself drove the lorry. Surely Tadeus was one of the world's least gifted drivers! He explained that after the age of seventy-five it was compulsory in Switzerland to retake the driving test. How did he pass? This was an unsolved mystery, which I pondered with my heart in my mouth.
It was fortunate that Tadeus selected an investigation that brought him great pleasure during his long retirement. In time he published over 100 papers on ferns and thought these results could not have been achieved by any other team (7). Professor Viane agreed: 'It was good for botany that Reichstein inherited this group-most other botanists would never have made such efforts to unravel this complex.' Tadeus wrote: 'Over a period of twenty years, we succeeded in clarifying the inter-relationship of various genera of Asiatic ferns-down to the last detail-and we were able to establish clearly the ancestral taxa, the polyploid species that had arisen through hybridisation and polyploidia and the numerous (sterile) hybrids'.
(Changes in nomenclature were something that really irritated Tadeus Reichstein. So he was one of us after all!) The plants were collected in India, Pakistan, Nepal, China, Japan and in parts of the USA and Mexico. It was, he felt, 'most satisfactory'. I can still remember him, aged ninety, alight with excitement waving a 'Look! Look!' welcome with a glass slide dotted with semi-transparent specks-a swarm of chromosones from his latest fern hybrid. One was often asked if the Reichstein who worked on adrenal hormones was a relation of the 'fern' Reichstein. It never occurred to people that one man could be responsible for such a varied and massive contribution. Irene Manton remarked that a pioneer so effective in so many fields of human activity was rare indeed.
B 
In 1963 a distinguished German chemist suggested that I write to Tadeus Reichstein, who, he thought, would be interested in my belief that certain aposematic insects, in self-defence, sequestered and stored cardiac glycosides from their food plants. He pointed out that before Reichstein began his work on the adrenal cortex he had focused on the study of plant glycosides from Asclepias and Strophanthus. After hesitating for a year, I eventually put a diffident pen to paper and was astonished to receive, by return of post, a long, handwritten letter that contained an invitation to Basel.
Reichstein's room at the institute was a well-lit wooden box lined with handwritten manuscripts. Briefly I outlined the hypothesis that had been discussed by entomologists for the past hundred years but had never been proved. 'But you see', said Reichstein, 'I am only interested in steroids and until now steroids have never been recorded from insects.'
At that moment I suddenly knew that at last steroids would be found in insects! This was Tadeus's unique gift-he emanated optimism and the feeling that your experiment was promising and worth tackling. 'Professor Reichstein, if you let me work in your laboratory', I said, 'I will find you steroids in old boots!' He twinkled assent.
In 1965 we began a search for asclepiad plant toxins in insects. At that time there was only one mass spectroscope available to us in Europe, and that was in East Germany, and the gas chromatograph had only been in use for entomology during the previous four years-a primitive instrument compared with the apparatus now available. We used mainly paper chromatography and thin-layer chromatography for our investigation.
Altogether we recorded and identified twenty-five different cardenolides from various insects; the Monarch butterfly, reared on Asclepias curassavica yielded ten, five of which were identified as calactin, calotropin, calotoxin, calotropagenin and uzarigenin (4) . Of these the four main compounds yielded pure or nearly pure crystals. Cardenolides were also found in the butterfly's eggs. Reichstein elucidated the hitherto unknown structure of calactin. At that moment in time it was a mini-triumph, but he was never persuaded to take a real interest in the insects themselves, although he was delighted to find the same cardenolides in Danaus and in the defensive spray of an aposematic grasshopper, which came from Israel.
Tadeus left the writing of our papers entirely to me and I sometimes wondered whether he had time to read the finished article. His only criticism concerned the rather chatty style. 'I have imagination too', he exclaimed, 'but I don't put it in my papers!' (Someone once asked Tadeus Reichstein how he got on with Miriam Rothschild. 'She's a little mad-but quite all right', he replied.)
The Monarch butterflies' principal food plant in North America is Asclepias syriaca; he soon had a fine crop in his garden. Then he produced an impressive paper titled: 'Cardenolides of Asclepias syriaca L.: probable structure of syrioside and syriobioside' and graciously dedicated it to me for my seventieth birthday (5) .
Eugene Garfield (the inventor and owner of Current Contents) told me to ask Reichstein to produce a few lines about our Monarch paper, because it qualified for the citation index. Tadeus waved his hand, said it was a lot of nonsense and he would do nothing of the sort! Reichstein was an exceptionally good correspondent. The late Professor D. Keilin once told me that time could be saved by neither writing nor answering letters-a course that he had adopted himself-but I believe that Tadeus proved him wrong. His lengthy, handwritten letters, often despatched by return of post, kept the fires burning and both inspired and assisted his collaborators. The example given below was in answer to a query concerning the unexpected difference in the cardenolides that we had found stored by Monarch butterflies reared on Asclepias curassavica from (a) Brazil or (b) Trinidad. Agarone 1.3.82 Dear Miriam Please excuse that I was unable to answer your letter of 3.2 before. We have been in Agarone and I had to study Santavy's notes. Here the results.
Dried leaves and stems from cultivated plants ex-Trinidad were provided in excellent quality by Professor L. Brower. 200 g of this material was extracted by Santavy and analysed in Jan/Feb. 1966 on leave at Basel.
The powdered material was soaked in 1000 ml water + 4 ml toluol for 16 hours, 1000 ml 96% ethanol added warmed to 80 and filtered with suction.
The residue was extracted 7 times more with 750 ml each aqueous ethanol of raising concentration from 50-90%. The last extract was negative for cardenolides (Kedde reaction). The unused extracts were first extracted in a big separatory funnel 3 times, using 700 ml each petrol-ether. The petrol-ether layers were back extracted with 50% aqueous ethanol. They gave very weak reaction with Kedde reagent and discarded (fats, sterols etc.). The remaining aqueous alcoholic extracts were evaporated in vacuo to 100 ml and this aqueous suspension extracted 4 times each with 300 ml ether, 200 ml chloroform, and after adding 30 g Na2SO4 with 200 ml chloroform-ethanol-3:2 mixture. These extracts were washed with 25 ml 2 N aqueous sodium carbonate solution and 30ml water (or half saturated Na 2 SO 4 solution respectively), dried over Na 2 SO 4 and evaporated giving: 0.593 g = 0.286% ether-extract 0.872 g = 0.436% chloroform-extract 2.047 g = 1.023% chloroform-ethanol-3:2 extract All three were strongly Kedde-positive (= rich in cardenolides) while the remaining aqueous layer and washings were negative.
They were first examined in paper chromatograms (PC) using Whatmann No.1 paper impregnated with 35% its weight formamide, descending method. Three solvent systems were used:
1. tetrahydrofurane-benzene 1:1 letting run to front 2. ethyl acetate " " " " 3. tetrahydrofurane-benzene-1:2 " " for 14 hrs, i.e. front dropping off.
System 3 was best to resolve the slow-moving highly polar compounds, i.e. calotropin, and slower while the quicker, i.e. calactin etc., are lost.
This showed that the chloroform-ethanol-3:2 extract still contained a trace of calotoxin, but mainly 3 slower-moving compounds (not identified) as it was not further investigated.
The ether and chloroform extracts did contain some Kedde-negative material (steroids? etc.) and many different cardenolides. The following 10 crystalline compounds were obtained after preparative chromatography on columns:
Kedde Reichstein wrote thousands of letters of this type. The Taits, with great perspicacity, published their correspondence on the subject of aldosterone (see above), which illustrated the value and time-saving quality of such letters.
R
Tadeus Reichstein died in Basel aged 99, and like many men and women who live to be very old they must frequently sorrow for their relatives. Reichstein's wife, daughter and three brothers all died before him. Louise became converted to the Jewish religion so that she would ultimately share her beloved husband's grave in the Jewish cemetery in Basel.
When he was 95, Reichstein once remarked he 'had lived too long', but added 'I must live another three years to finish the references to these two, long botanical papers'. Eventually he handed his herbarium, library, reprint collection and notebooks, as well as the unfinished manuscripts, including the long paper for Flora Iranica, to Ronald Viane, hoping that he would be able to complete and publish them.
During his lifetime Tadeus Reichstein was acclaimed worldwide and received over fifty honours besides the Nobel Prize and the Copley Medal. It is strange that, where scientists are concerned, fame is an ephemeral bonus, compared with that accorded to saints and sinners. Darwin and Einstein are exceptions, probably remembered because their discoveries threatened the spiritual persuasion of the Western world. The relief of pain and ill-health is another matter-they are hopefully forgotten. Recently at a dinner party, fourteen educated and well-informed guests were asked if any of them partook of vitamin C or had made use of cortisone. Of course! Fourteen hands were raised immediately, but no one present had ever heard of Reichstein.
It is acutely difficult to begin life as an impecunious refugee, but all the psychological traumas that usually afflict these unlucky yet fortunate survivors seemed to glide past Tadeus Reichstein like the water off the proverbial duck's back. He was a kind, exceedingly lively and fun-loving man, spontaneously helpful, of great clarity, who found many interesting and enjoyable aspects of life. His comments were amusing and criticisms rare and always infinitely perspicacious. He discovered praiseworthy elements-even those hidden from most of us-in almost everything and was enchanted by music and the natural world.
The brutality that Jews witnessed in the Russian pogroms and the unthinkable disaster of the Holocaust left those who survived with a horror of violence. Reichstein was no exception. He avoided quarrels and controversy and poured oil on troubled waters. Weizmann urged him again and again to leave Europe and re-settle in Israel. Although Tadeus was keenly interested in the Holy Land and visited and lectured in Jerusalem, he decided to remain permanently in Switzerland, possibly because he sensed future conflict in the Middle East. Again, he had a subtle way of standing silently aside and allowing strife and discord to flow hence, without comment.
Tadeus had a flair for picking out essentials, and consciously nurturing Time was one of them. He never looked at his watch and, talking to friends and strangers he did not seem aware that time existed-yet he never wasted a moment. There is an apocryphal tale that, when well over ninety, he was in hospital for three days for the insertion of a cardiac pacemaker. On the morning of the second day after the operation, a startled nurse, glancing out of the window, saw her patient striding off down the street. She rushed after him and explained that he must immediately go back to bed. 'But dear lady', exclaimed Reichstein, 'I haven't time to spend three days in bed!', and he strode on.
A.C. Jermy described him as 'a gentle, loveable man … whose counsel was wise and tempered' (Jermy 1996) . Reichstein was also called 'the miracle man of organic chemistry', while others marvelled at his 'huge grasp of natural systems and extraordinary powers of analysis and synthesis'. Dr Walter Morgan wrote of his 'masterpieces of scientific investigation'. Anthony Tucker also drew attention to Reichstein's 'innate passion for all heights of human cultural achievement' (Tucker 1996) . This was true, but there was something else about Tadeus that defied analyses and is always remembered: inevitably in his company one was conscious of a vivid lift of the spirit. How fortunate his companions were to have experienced this for themselves! H   ( 1948  1994) 
B
The following publications are those referred to directly in the text. A more complete (but selected) bibliography of 1000 titles appears on the accompanying microfiche; a photocopy is available from the Royal Society Library at cost. Certain papers left by Professor Reichstein have yet to be classified. Three important botanical papers are unfinished: 'Observations on some ferns in Poros and adjacent parts of the Peloponnesus (Greece)' and large works on the asplenioid and the cheilanthoid ferns for Flora Iranica. Professor Ronald Viane hopes to complete and publish these three important contributions in the near future.
